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(57) ABSTRACT 

The present invention is a pressure feedback circuit for use 
With a vacuum pressure control circuit. The pressure feed 
back circuit detects the occurrence of, and controls the 
generation of vacuum pressure under, External Override 
Conditions (“EOCs”). During EOCs, Which typically 
include emergency stop conditions or loss of electrical 
poWer to the vacuum pressure circuit, the pressure feedback 
circuit senses the condition of the output vacuum pressure 
port and supplies feedback to the vacuum pressure control 
circuit thereby maintaining the last output state of the 
vacuum pressure control circuit. 

14 Claims, 2 Drawing Sheets 

232 \ a ,/ 2 2 
\ 226// 220 
“)I/iifi/Wi)? ~ ~~~~?~~e~ea 

l / ,/ 212/ 210 f 504 , 
r 224 ' / / l 222 \ l / / l 

\\ ‘ I I 
l l f \\ l 
l , 214+ \\ l l 

4 L22 ,2 242~\l \\ 216 ‘l 
t \ 508 

< 2:9, l C) M If 240 Q / 
P ' q t‘ * T l 

l ‘\ 
\ 244 I 

l 264 

260 \4 —| /l/ <> // 502 1 
I W 5 5 l 284 

' » 256 ' / / i / / 506 I / 
262' / w T I» 280 

| | o / 270 \ 282 

/ 1 ¢\ 40 
252 I L 4 / 294 

‘ 254 L 2/ 290 
250 /’ l7_ / T T M 

P D "\ ‘ \» 292 
6 





U.S. Patent Sep. 3, 2002 Sheet 2 0f 2 US 6,443,175 B1 



US 6,443,175 B1 
1 

VACUUM PRESSURE GENERATOR CIRCUIT 
WITH NON-VOLITILE MEMORY 

FUNCTION 

This application claims bene?t of earlier ?led US. 
Provisional Application No. 60/184538 ?led Feb. 28, 2000. 

FIELD OF THE INVENTION 

The present invention relates to the ?eld of vacuum 
generators that use Venturi valves. More particularly, the 
present invention relates to the ?eld of controlled vacuum 
generators that include feedback for maintaining the oper 
ating mode or function of the vacuum generator in the event 
of an emergency stop condition or if electrical poWer is lost. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a 
pressure feedback circuit for controlling the output of 
vacuum pressure generator. 

It is an object of the present invention to provide a 
pressure feedback circuit for controlling a vacuum pressure 
generator in the event of emergency conditions that preclude 
the use of electrical poWer to control the vacuum pressure 
generator. 

It is an object of the present invention to provide a 
pressure feedback circuit to maintain the same state of 
output pressure for a vacuum pressure generator in the event 
of an emergency condition or loss of electrical poWer. 

SUMMARY OF THE INVENTION 

The present invention is a pressure feedback circuit for 
use With a vacuum pressure control circuit. The vacuum 

pressure control circuit comprises a pressure controlled 
valve to control the application of an independent pressure 
source to a vacuum pressure generator thereby generating 
vacuum pressure at an output vacuum pressure port. The 
vacuum pressure control circuit controls the generation of 
vacuum pressure under normal operating conditions. 

The pressure feedback circuit detects the occurrence of, 
and controls the generation of vacuum pressure under, 
External Override Conditions (“EOCs”). During EOCs, 
Which typically include emergency stop conditions or loss of 
electrical poWer to the vacuum pressure circuit, the pressure 
feedback circuit senses the condition of the output vacuum 
pressure port and supplies pressure feedback to the vacuum 
pressure control circuit thereby maintaining the last output 
state of the vacuum pressure control circuit. 

The novel features that are considered characteristic of the 
invention are set forth With particularity in the appended 
claims. The invention itself, hoWever, both as to its structure 
and its operation together With the additional object and 
advantages thereof Will best be understood from the folloW 
ing description of the preferred embodiment of the present 
invention When read in conjunction With the accompanying 
draWings. Unless speci?cally noted, it is intended that the 
Words and phrases in the speci?cation and claims be given 
the ordinary and accustomed meaning to those of ordinary 
skill in the applicable art or arts. If any other meaning is 
intended, the speci?cation Will speci?cally state that a 
special meaning is being applied to a Word or phrase. 
LikeWise, the use of the Words “function” or “means” in the 
Description of Preferred Embodiments is not intended to 
indicate a desire to invoke the special provision of 35 U.S.C. 
§112, paragraph 6 to de?ne the invention. To the contrary, if 
the provisions of 35 U.S.C. §112, paragraph 6, are sought to 
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2 
be invoked to de?ne the invention(s), the claims Will spe 
ci?cally state the phrases “means for” or “step for” and a 
function, Without also reciting in such phrases any structure, 
material, or act in support of the function. Even When the 
claims recite a “means for” or “step for” performing a 
function, if they also recite any structure, material or acts in 
support of that means of step, then the intention is not to 
invoke the provisions of 35 U.S.C. §112, paragraph 6. 
Moreover, even if the provisions of 35 U.S.C. §112, para 
graph 6, are invoked to de?ne the inventions, it is intended 
that the inventions not be limited only to the speci?c 
structure, material or acts that are described in the preferred 
embodiments, but in addition, include any and all structures, 
materials or acts that perform the claimed function, along 
With any and all knoWn or later-developed equivalent 
structures, materials or acts for performing the claimed 
function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a vacuum generation and control circuit 
and; 

FIG. 2 depicts an implementation of aspects of the present 
invention together With the vacuum generation and control 
circuit. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention, a Vacuum Pressure Generator 
Circuit With Non-Volitile Memory Function, comprises a 
vacuum pressure control circuit combined With a pressure 
feedback circuit. The vacuum pressure control circuit uses 
an independent air pressure source 4 to create vacuum, or 
negative, pressure at an output vacuum pressure port 6. The 
pressure feedback circuit detects External Override Condi 
tions (“EOC”) and, in the event of such conditions, enables 
pressure feedback, Which sustains the last output state of the 
vacuum pressure control circuit, and accordingly the 
vacuum pressure port 6, until the EOC ceases. Typical EOCs 
include the occurrence of an operator commanded emer 
gency stop condition, or a loss of electrical poWer to the 
vacuum pressure control circuit. 

The vacuum pressure control circuit used With the present 
invention includes a vacuum pressure generator 210 that is 
controllable by pressure valves, to direct air pressure to and 
aWay from the vacuum pressure generator 210. Vacuum 
pressure generators 210 used With the present invention are 
common in the art and use pressure as an input to create 

vacuum, or negative, pressure at a vacuum pressure port 
214. FIG. 1 depicts a vacuum pressure control circuit using 
industry standard representations of pressure valve compo 
nents. 

Referring to FIG. 1, the vacuum pressure control circuit 
includes a master pressure valve 220 having a master 
pressure inlet 222 coupled to a master pressure exhaust 224. 
The master pressure valve 220 is controllable by a master 
pressure sensor 226 that enables tWo states of the master 
pressure valve 220. The ?rst state retards pressure ?oW, or 
exchange, betWeen the master pressure inlet 222 and the 
master pressure exhaust 224 and, the second state enables 
pressure How or exchange betWeen the master pressure inlet 
222 and the master pressure exhaust 224. Pressure control 
lable valves such as the master pressure valve 220 described 
above are common in the art and presumed to be Within the 
knoWledge of an ordinarily skilled practitioner in the art. 
The symbol depicted by reference numeral 220 is a common 
industry standard depiction of a valve such as that described 
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above. The master pressure inlet 222 is coupled to the 
independent pressure source 4. 

Combination controllable pressure valves are also com 
mon in the art and this type of valve is used in the present 
invention to implement a master control valve 230. The 
master control valve 230 controls the master pressure valve 
220 under normal operating conditions. The master control 
valve 230 further comprises a master control inlet 232 that 
is coupled to a master control exhaust 234. The master 
control inlet 232 is coupled to the independent pressure 
source 4 and the master control exhaust 234 is coupled to the 
master pressure sensor 226 of the master pressure valve 220. 
The master control valve 230 enables the selection of tWo 
valve states. The ?rst state retards pressure ?oW, or 
exchange, betWeen the master control inlet 232 and the 
master control exhaust 234 and, the second state enables 
pressure How or exchange betWeen the master control inlet 
232 and the master control exhaust 234. The master control 
valve 230 states are selectable either by a transducer com 
prising either an electronic solenoid 602 or a mechanical 
plunger 604. 

Under normal operating conditions, the generation of 
vacuum pressure is commanded by the master control valve 
230 by an operation of either the electronic solenoid 602 or 
the mechanical plunger 604. The operation ports pressure 
from the independent pressure source 4 through to the 
master pressure sensor 226 of the master pressure valve 220. 
As a result, the master pressure valve 220 ports pressure 
from the independent pressure source 4 through to the 
vacuum pressure generator 210 thereby generating vacuum 
pressure at the vacuum pressure port 214. 

Additionally, the vacuum pressure circuit in FIG. 1 also 
depicts a master bloW-by valve 260, a bloW-by pressure 
valve 250, and a vacuum cut-off valve 240. In the air 
pressure circuit depicted in FIG. 1, the master bloW-by valve 
is also implemented With a combination controllable pres 
sure valve that is controllable by a transducer. The bloW-by 
pressure valve 250 functions similarly to the master pressure 
valve 220 and includes a third pressure sensor to control the 
direction of the independent pressure source 4 through to the 
output vacuum pressure port 6 during a bloW-by pressure 
command from the master bloW-by valve 260. 

Under normal operating conditions the master bloW-by 
valve 260 controls the pressure bloW-by valve 250 and the 
vacuum cut-off valve 240 in the event that the operator 
commands the vacuum pressure circuit to cease generating 
vacuum pressure at the output vacuum pressure port 6. The 
master bloW-by valve 260 includes a master bloW-by inlet 
262 coupled to a master bloW-by exhaust 264 and enables 
the selection of tWo valve states. The ?rst state retards 
pressure ?oW, or exchange, betWeen the master bloW-by 
inlet 262 and the master bloW-by exhaust 264 and, the 
second state enables pressure How or exchange betWeen the 
master bloW-by inlet 262 and the master bloW-by exhaust 
264. 

The bloW-by pressure valve 250 is implemented With a 
pressure controllable valve and includes a bloW-by pressure 
inlet 252 coupled to a bloW-by pressure exhaust 254. The 
bloW-by pressure valve 250 enables positive pressure output 
at the output vacuum pressure port 6 thereby releasing any 
object held by the vacuum pressure generated by the vacuum 
pressure circuit. The bloW-by pressure valve 250 is enabled 
With a pressure valve that enables the selection of tWo valve 
states. The ?rst state retards any pressure ?oW, or exchange, 
betWeen the bloW-by pressure inlet 252 and the bloW-by 
pressure exhaust 254 and, the second state enables pressure 
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4 
How or exchange betWeen the bloW-by pressure inlet 252 
and the bloW-by pressure exhaust 254. 
The vacuum cut-off valve 240 is also implemented With a 

pressure controllable valve and includes a vacuum cut-off 
pressure sensor 246, a vacuum cut-off inlet 242 and a 
vacuum cut-off exhaust 244. The vacuum cut-off valve 240 
retards the application of vacuum pressure at the output 
vacuum pressure port 6 When the master bloW-by valve 260 
directs pressure to the vacuum cut-off pressure sensor 246. 
The vacuum cut-off valve 240 is implemented With a pres 
sure valve that enables the selection of tWo valve states. The 
?rst state retards any pressure ?oW, or exchange, betWeen 
the vacuum cut-off inlet 242 and the vacuum cut-off exhaust 
244 and, the second state enables pressure How or exchange 
betWeen the vacuum cut-off inlet 242 and the vacuum cut-off 
exhaust 244. 

In the event of a command to stop generating vacuum 
pressure delivered by a transducer (e.g. mechanical plunger 
or electronic solenoid) associated With the master bloW-by 
valve 260, the master bloW-by valve 260 directs the inde 
pendent pressure source 4 to apply pressure to the bloW-by 
valve pressure sensor 256. The bloW-by valve pressure 
sensor 256 in turn enables the bloW-by pressure valve 250 to 
apply positive pressure to the output vacuum pressure port 
6 and, as a result, release any object held by the vacuum 
pressure port 6. Concurrently, the master bloW by valve 260 
also directs the independent pressure source 4 to the vacuum 
cut-off pressure sensor 246 thereby commanding the 
vacuum cut-off valve 240 to block the vacuum pressure 
generated by the vacuum pressure generator 210. 
The vacuum pressure circuit further includes an electronic 

vacuum sensor 270. The electronic vacuum sensor 270 

senses the vacuum output pressure generated at the output 
vacuum pressure port 6, and under normal operating 
conditions, controls the magnitude of vacuum pressure 
generated by the vacuum pressure generator 210 depending 
on the vacuum output pressure sensed by the electronic 
vacuum sensor 270. A ?lter 502 prevents debris from 
entering the vacuum pressure port 214 and a silencer 504 
reduces the noise generated by the vacuum pressure gen 
erator 210. Apressure regulator 506 controls the magnitude 
of positive pressure applied to the output vacuum pressure 
port 6 during a bloW-by command from the master bloW-by 
valve 260. 

The pressure feedback circuit is depicted in FIG. 2 in 
combination With the vacuum pressure control circuit of 
FIG. 1. The preferred pressure feedback circuiticomprises 
a pressure feedback valve 280, a pressure feedback-control 
valve 290, and a check valve 508. The pressure feedback 
control valve 290 is a combination controllable pressure 
valve having tWo states controllable either by electronic 
solenoid 602 or manual plunger 604 control. The pressure 
feedback-control valve 290 further comprises a pressure 
feedback-control inlet 292 and a pressure feedback-control 
exhaust 294. The pressure feedback-control valve 290 states 
are functionally equivalent to the other combination con 
trollable pressure valves heretofore discussed. The pressure 
feedback valve 280 is implemented With a pressure control 
lable pressure valve having tWo valve states. The pressure 
feedback valve 280 further comprises a pressure feedback 
valve inlet 282 and a pressure feedback valve exhaust 284. 
The valve states of the pressure feedback valve 280 are 
controllable by a pressure sensor and are functionally 
equivalent to the pressure controllable pressure valves here 
tofore discussed. The check valve 508 in the pressure 
feedback path 508 enables pressure How in only one direc 
tion to the master pressure sensor 226. 
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During normal operating conditions, the feedback-control 
valve 290 is in an energized state and no pressure from the 
independent pressure source 4 ?oWs to the pressure feed 
back inlet 282 of the pressure feedback valve 280. If the 
pressure feedback-control valve 290 detects the occurrence 
of an EOC (eg the mechanical plunger 604 is operated or 
the solenoid 602 is de-activated), the pressure feedback 
control valve 290 ports pressure from the independent 
pressure source 4 through to the feedback valve inlet 282. 
Thereafter, if the pressure sensor of the pressure feedback 
valve 280 detects vacuum pressure at the output of the 
vacuum pressure port 6, pressure from the independent 
pressure source 4 is ported from the pressure feedback 
exhaust 284 through the check valve 508 to the pressure 
sensor of the master pressure valve 220 thereby enabling the 
application of the independent pressure source 4 to the 
vacuum pressure generator 210 and continuous vacuum 
pressure generation. 

If hoWever, the pressure sensor of the pressure feedback 
valve 280 does not detect vacuum pressure at the output of 
the vacuum pressure port 6 during an EOC, pressure from 
the independent pressure source 4 Will not be ported through 
the pressure feedback exhaust 284 and the check valve 508 
to the pressure sensor of the master pressure valve 220. 
Accordingly, this condition prevents the application of the 
independent pressure source 4 to the vacuum pressure 
generator 210, and in turn, does not cause vacuum pressure 
generation thereby maintaining an idle (i.e. non vacuum 
generating) state. 

The preferred embodiment of the invention is described 
above in the DraWings and Description of Preferred 
Embodiments. While these descriptions directly describe the 
above embodiments, it is understood that those skilled in the 
art may conceive modi?cations and/or variations to the 
speci?c embodiments shoWn and described herein. Any such 
modi?cations or variations that fall Within the purvieW of 
this description are intended to be included therein as Well. 
Unless speci?cally noted, it is the intention of the inventor 
that the Words and phrases in the speci?cation and claims be 
given the ordinary and accustomed meanings to those of 
ordinary skill in the applicable art(s). The foregoing descrip 
tion of a preferred embodiment and best mode of the 
invention knoWn to the applicant at the time of ?ling the 
application has been presented and is intended for the 
purposes of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed, and many modi?cations and variations are pos 
sible in the light of the above teachings. The embodiment 
Was chosen and described in order to best explain the 
principles of the invention and its practical application and 
to enable others skilled in the art to best utiliZe the invention 
in various embodiments and With various modi?cations as 
are suited to the particular use contemplated. 
What is claimed is: 
1. Avacuum generation and control device for use With an 

independent pressure source, the vacuum control device 
comprising: 

a. a master control valve, having a master control pressure 
inlet coupled to a master control pressure exhaust, the 
master control valve controllable by a ?rst transducer 
that enables selection of, a ?rst state that retards pres 
sure exchange betWeen the master control pressure inlet 
and the master control pressure exhaust and, a second 
state that enables pressure exchange betWeen the mas 
ter control pressure inlet and the master control pres 
sure exhaust, the master control pressure inlet coupled 
to the independent pressure source, 
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6 
b. a master pressure valve, having a master pressure inlet 

coupled to a master pressure exhaust, the master pres 
sure valve controllable by a ?rst pressure sensor that is 
coupled to the master control pressure exhaust and that 
enables selection of, a ?rst state that retards pressure 
exchange betWeen the master pressure inlet and the 
master pressure exhaust and, a second state that enables 
pressure exchange betWeen the master pressure inlet 
and the master pressure exhaust, the master pressure 
inlet also coupled to the master control pressure 
exhaust; 

c. a vacuum pressure generator, having a positive pressure 
inlet coupled to a positive pressure exhaust and a 
vacuum pressure port, the positive pressure inlet 
coupled also to the master pressure exhaust of the 
master pressure valve; 

d. a feedback pressure valve, having a feedback pressure 
inlet coupled to a feedback pressure exhaust, the feed 
back pressure valve controllable by a second pressure 
sensor that is coupled to the vacuum pressure port and 
that enables selection of, a ?rst state that retards pres 
sure exchange betWeen the feedback pressure inlet and 
the feedback pressure exhaust and, a second state that 
enables pressure exchange betWeen the feedback pres 
sure inlet and the feedback pressure exhaust; 

e. a feedback-control pressure valve, having a feedback 
control pressure inlet coupled to a feedback-control 
pressure exhaust, the feedback-control pressure valve 
controllable by a second transducer that enables selec 
tion of, a ?rst state that retards pressure exchange 
betWeen the feedback-control pressure inlet and the 
feedback-control pressure exhaust, and a second state 
that enables pressure exchange betWeen the feedback 
control pressure inlet and the feedback-control pressure 
exhaust, the feedback-control pressure inlet coupled to 
the independent pressure source and the feedback 
control pressure exhaust coupled to the feedback pres 
sure inlet; and 

f. a check valve coupled betWeen feedback pressure 
exhaust and the ?rst pressure sensor, the check valve 
permitting unidirectional How of feedback pressure to 
the ?rst pressure sensor. 

2. The vacuum control device in claim 1 Wherein the ?rst 
transducer comprises at least one transducer selected from 
the group consisting of; an electric solenoid or a mechanical 
plunger. 

3. The vacuum control device in claim 1 Wherein the 
second transducer comprises a transducer selected from the 
group consisting of; an electric solenoid or a mechanical 
plunger. 

4. The vacuum control device in claim 1 further compris 
ing: 

a. a master bloW-by valve, further comprising a master 
bloW-by inlet coupled to a master bloW-by exhaust, the 
master bloW-by valve controllable by an third trans 
ducer that enables selection of, a ?rst state that retards 
pressure exchange betWeen the master bloW-by inlet 
and the master bloW-by exhaust and, a second state that 
enables pressure exchange betWeen the master bloW-by 
inlet and the master bloW-by exhaust, the master bloW 
by inlet coupled to the independent pressure source; 

b. a bloW-by pressure valve, further comprising a bloW-by 
pressure inlet coupled to a bloW-by pressure exhaust, 
the bloW-by pressure valve controllable by a third 
pressure sensor that is coupled to the master bloW-by 
exhaust and that enables selection of, a ?rst state that 
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retards pressure exchange between the bloW-by pres 
sure inlet and the bloW-by pressure exhaust and, a 
second state that enables pressure exchange betWeen 
the bloW-by pressure inlet and the bloW-by pressure 
exhaust, the bloW-by pressure exhaust coupled to the 
vacuum pressure port; and 

c. a vacuum cut-off valve, further comprising a vacuum 
cut-off inlet coupled to a vacuum cut-off exhaust, the 
vacuum cut-off valve controllable by a fourth pressure 
sensor that is coupled to the master bloW-by exhaust 
and that enables selection of, a ?rst state that retards 
pressure exchange betWeen the vacuum cut-off inlet 
and the vacuum cut-off exhaust and, a second state that 
enables pressure exchange betWeen the vacuum cut-off 
inlet and the vacuum cut-off exhaust, the vacuum 
cut-off inlet coupled to the vacuum pressure port, the 
vacuum cut-off exhaust coupled to the output vacuum 
pressure port. 

5. The vacuum control device in claim 4 Wherein the third 
transducer comprises a transducer selected from the group 
consisting of; an electric solenoid or a mechanical plunger. 

6. The vacuum control device in claim 4 further compris 
ing a ?lter coupled betWeen the vacuum pressure port and 
the bloW-by pressure exhaust. 

7. The vacuum control device in claim 4 further compris 
ing a regulator coupled betWeen the vacuum pressure port 
and the bloW-by pressure exhaust. 

8. A pressure feedback circuit for use With a pressure 
controllable valve that has, a ?rst state that enables a vacuum 
generator to generate vacuum pressure from a pressure 
source, and a second state that retards a vacuum generator 
from generating vacuum pressure from the pressure source, 
comprising: 

a. a feedback-control pressure valve, coupled to the 
pressure source and controllable by a transducer to 
enable a How of feedback pressure from the pressure 
source to; 

10 

15 

25 

35 

8 
b. a feedback pressure valve, controllable by a pressure 

sensor that senses vacuum pressure and conditionally 
enables the How of the feedback pressure from the 
feedback-control pressure valve to; 

c. a pressure check valve, that enables unidirectional How 
of pressure to the pressure controllable valve. 

9. The feedback circuit in claim 8 Wherein the feedback 
pressure valve conditionally enables feedback pressure How 
When positive pressure is sensed. 

10. The feedback circuit in claim 8 Wherein the feedback 
pressure valve conditionally enables feedback pressure How 
When negative pressure is sensed. 

11. Amethod of controlling a vacuum pressure generator, 
comprising the steps of: 

a. sensing an output pressure of the vacuum pressure 
generator using a pressure sensor coupled to and con 
trolling a ?rst pressure controllable valve, the pressure 
sensor also coupled to the output pressure of the 
vacuum pressure generator, and conditionally, 

b. applying feedback pressure to a second pressure con 
trollable valve that is coupled to the vacuum pressure 
generator to enable an input pressure to the vacuum 
pressure generator, depending upon the pressure sensed 
at the output of the vacuum pressure generator. 

12. The method of claim 11 Wherein the sensed output 
pressure is selected from the group consisting of; positive 
pressure, or negative pressure. 

13. The method of claim 11 further comprising the step of 
enabling the application of the pressure feedback to the ?rst 
pressure controllable valve upon the occurrence of an exter 
nal condition. 

14. The method of claim 13 Wherein the external condi 
tion is selected from a group of conditions consisting of; a 
loss of electrical poWer, or a manually commanded emer 
gency stop condition. 


